Good quality of the green infrastructure and adding natural elements to residential areas may enhance well-being among community-dwelling older people.
Introduction
Improving and maintaining well-being in old age is an important public health goal. Some studies have shown that spending time in natural environments has beneficial effects on well-being [1] , such as reducing depressive symptoms. Natural environments have good aesthetic qualities, and offer peacefulness and quietness [2] . Spending time in natural environments has been shown to lower blood pressure, lessen feelings of anxiety and promote restorative experiences, thereby improving well-being [3] .
Physical activity is often seen as an important factor explaining the association between natural environments and well-being [4] . Positive features of the environment, such as the presence of parks and green areas, sidewalks, and appealing scenery may motivate people to move outdoors [5, 6] . Physical activity in natural environments has been found to have a stronger positive effect on wellbeing than physical activity indoors or in the built environment [3, 7] . However, even a visual contact with nature may enhance well-being (for review, see [8] ), but most of the research on the topic has focused on middle-aged or younger people. Visual contact with the environment may become increasingly important for older people, as with increasing age people tend to spent most of the time in the close vicinity of the home, some without the possibility to move outdoors [9] . Thus, the opportunity to enjoy nature Abstract Background The research aim was to study the associations of nature diversity with quality of life (QoL) and depressive symptoms among older people, and whether physical activity explains the associations. Methods Community-dwelling people aged 75-90 years (n = 848) living in Central Finland were interviewed in their homes. QoL was assessed with a short version of the World Health Organization Quality-of-Life Assessment (range 0-130, higher score indicates better QoL) and depressive symptoms with the Centre for Epidemiologic Studies Depression Scale (range 0-30, higher scores indicate more depressive symptoms). Self-reported physical activity was assessed by intensity and duration using a single question with seven response options ranging from mostly resting to competitive sports. Nature diversity (Shannon Diversity Index) was assessed objectively within a 500-m buffer around participants' homes using a geographic information system (GIS). Results Mean QoL was 100.3 (SD 11.8) and mean CES-D 9.6 (SD 6.8). Those in the highest nature diversity tertile had better QoL than those in the lowest tertile (p = .022). Physical activity did not explain the association between nature diversity and QoL. Adjustment for health indicators did not change the results. Nature diversity was not associated with depressive symptoms. Conclusion A diverse environment, especially when this includes elements of nature, is associated with better QoL. diversity and passively follow nature may have a positive impact on well-being in old age. However, whether diversity in nature is associated with quality of life and depressive symptoms among people over age 75 has not been studied. These two outcomes are of interest, as both are indicators of wellbeing, but from different perspectives: quality of life is a multidimensional concept capturing a wide range of life areas, while depressive symptoms reflect an individual's mood and emotions.
The purpose of this study was to examine the associations between the diversity of nature in the neighbourhood and well-being, specifically quality of life and depressive symptoms, among community-dwelling older people, and to find out whether physical activity mediates this association.
Methods

Study design and participants
This study forms part of the 'Geographic characteristics, outdoor mobility, and physical activity of older people' (GEOage) project [10] . In this project, freely available geographic information system (GIS) resources characterizing environmental features are linked to baseline participant data drawn from the "Life-space mobility in old age" (LISPE) project [11] . LISPE targets the individual and environmental determinants of life-space mobility and quality of life among community-dwelling older people in central Finland. The study protocol, methods, and nonresponse analyses have been reported in detail previously [11] . Briefly, 848 75-90-year-old people were interviewed in their homes during spring 2012. Inclusion criteria were community-dwelling in the study area and ability to communicate.
The GEOage and LISPE projects were approved by the Ethical Committee of the University of Jyväskylä, Finland. Participants were informed about the project and they signed a written informed consent prior to the baseline interviews.
Measurements
Objective environmental assessment Nature diversity was compiled using the Shannon Diversity Index (SHDI) [12] together with geospatial environmental data supplied by geographic information system (GIS). The locations of the participants' residences were geocoded [13] using the Arcmap 10.3 software. The SHDI, describing heterogeneity in land use, was calculated within a 500-m circular buffer around participants' homes. The land use classification was based on Corine Land Cover (CLC) data supplied by the Finnish Environment Institute (SYKE) at a resolution of 20 m × 20 m [14] . The level 3 CLC data were reclassified into 13 land use classes. Three of these applied to the built environment (Residential and service; Industry, transport and construction; Sport and leisure facilities) and ten to the natural environments (cultivated fields; fruit trees and berry plantations; pastures; uncultivated agricultural areas; forests; shrub, and/or herbaceous vegetation; open spaces with little/no vegetation; wetlands; swamps; and water bodies). Since the selected classification produces high SHDI values in areas with several different types of natural land use classes, the SHDI may be used to reflect the diversity of the natural environments in a neighbourhood. The SHDI has also shown to be correlated with visual landscape preferences [15, 16] .
The SHDI value ranged from 0.40 to 1.98. The minimum SHDI value of 0 indicates the presence of only one land use class, and hence no diversity. The SHDI value increases along with the number of different land use classes and the evenness in the relative proportion of their areas within the study area. For the analyses, the SHDI values were divided into tertiles, with the lowest tertile (low diversity) as the reference group.
Well-being
Quality of life Quality of life was assessed with the World Health Organization Quality-of-Life Assessment short version, WHOQOL-BREF [17] . This instrument measures individuals' perceptions in the context of their culture and value systems, and their personal goals, standards, and concerns. The 26-item scale comprises four domains: physical health (seven items), psychological health (six items), social relationships (three items), and environment (eight items), and also includes one item on general health and one on overall QoL. A total QoL score (index) for all the domains combined was calculated. The index ranges from 0 to 130, higher scores indicating better quality of life [17] .
Depressive symptoms Depressive symptoms were assessed with the Centre for Epidemiologic Studies Depression Scale (CES-D) [18] . The CES-D scale is a widely used self-report measure in community samples. Its reliability and validity have been demonstrated in heterogeneous samples [19] . The CES-D assessment comprises 20 items for each of which the respondent rates the frequency of the listed symptoms experienced during the previous week. Scoring ranges from 0 to 60 with higher scores indicating more depressive symptoms [20] .
Covariates
Age and gender were derived from national registers. Other information was obtained in face-to-face interviews. Cognitive functioning was assessed with the Mini-Mental State Examination (MMSE) [21] . The self-reported number of chronic conditions was calculated from a 22-item list plus an additional open-ended question about any other physician-diagnosed chronic conditions [11] .
Physical activity was assessed on a seven-point scale combining frequency and intensity of common physical activities. Participants were categorized into "light PA" (at most light housework or gardening and short walks once or twice a week), "moderate PA" (at least moderate physical activity <3 h/week), and "high PA" (moderate physical activity ≥4 h/week or strenuous physical activity). Selfreported PA has been shown to be valid in assessing the PA level of older people [22] .
Statistical analyses
Characteristics of the participants are shown as means and standard deviation or percentages. Information on QoL was missing for three participants and on CES-D for five participants. These individuals were excluded from the corresponding analyses.
Linear regression analyses were used to study the associations of nature diversity with QoL and depressive symptoms. First, unadjusted analyses were conducted. Second, the models were first adjusted for age and gender (model 1). Third, physical activity was added (model 2). Finally, health indicators (MMSE score, number of chronic conditions) were added (model 3). The lowest tertiles of nature diversity was used as the reference group. Analyses were performed using IBM SPSS version 22.0 (SPSS Inc., Chicago, IL). A p value of <0.05 was considered as statistically significant.
Results
The mean age of the participants was 80.6 years, and 62% of them were women. On average, participants had 4.4 chronic conditions and good cognitive functioning (score of 26.2 points in the MMSE). There were no differences in participant characteristics between the nature diversity tertiles ( Table 1) .
The mean QoL score was 100.3 (SD 11.8) and the mean CES-D score was 9.6 (SD 6.8). When adjusted for age and gender, the linear regression analyses revealed an association between high nature diversity and better quality of life. Adding physical activity to the model did not change the association, but the model fit (R 2 ) improved. The association remained statistically significant even after additional adjustment for health indicators (Table 2 ). Nature diversity was not associated with depressive symptoms (Table 3) .
Discussion
This study showed that nature diversity is associated with better QoL, but not with depressive symptoms, among community-dwelling older people, even when controlled for level of physical activity, chronic conditions, and cognitive functioning. Nature diversity provides information on variation in the landscape, a feature that people often rate as beautiful [15] . Areas with low diversity indicate a homogenous environment with only few types of land cover, and thus few possibilities to enjoy a varied landscape. Beautiful scenery within short distance from home may motivate people to move outdoors [23] . While physical activity in natural environments increases well-being [3, 7] , it seems that to gain well-being benefits does not require people to be physically very active. A recent study reported that physical activity did not explain the association between green spaces and mental health [24] , while in our study, physical activity did not explain the association between nature diversity and quality of life. It is possible that the association found in our study may be due to the physiological response to spending time in a natural environment, as posited by the restoration theory [25] . Exposure to different types of natural environment is associated with, for example, enhanced immune functioning [26] and lower cortisol levels [4] , and thus indirectly improve well-being. However, the amount of time spent in natural environments and its influence on well-being in old age warrant further study.
While it has been reported that having green areas in the neighbourhood is associated with fewer mental disorders, especially depression and anxiety [27] , we found no association between nature diversity and depressive symptoms. A possible explanation is that people with severe depressive symptoms may not go outdoors, and thus are not exposed to the natural environment. It is also likely that, to be able to ameliorate depressive symptoms, the presence of natural environment is not enough and a more dedicated approach is needed.
With aging, older people's life-space often becomes increasingly restricted, with people spending more time close to their home, potentially impacting negatively on their quality of life [28] . Remaining constantly in the home neighbourhood renders the availability of natural areas and environmental aesthetics close to home even more important. In our study, nature diversity was assessed within 500 m from home, targeting areas, where most people are able to enjoy the diversity of nature at least visually if not actively moving around in it. Within such a small area, some of the natural or green areas may be too small for recreation, but, nonetheless, have aesthetic value by creating a pleasant visual and acoustic environment, which enhances restorative processes and thus well-being [29, 30] . Quiet areas promote good quality of life [31] , and natural sounds may help recovery from stress [32] , factors which may partly explain our present findings. It should be noted that only minor differences in the QoL and CES-D scores were observed between the nature diversity tertiles, although for the QoL, these were statistically significant. While the minimal clinically important difference in WHOQOL-BREF has not been established among older people, it may be argued that any difference in QoL has face value as it reports "individuals' perceptions in the context of their culture and value systems, and their personal goals, standards, and concerns" [17] . Among women with early-stage breast cancer, a change of 1 point in the QoL score (WHOQOL-100 instrument; long version of the WHOQOL-Bref) was found to be clinically significant [33] , supporting our assumption of the clinical relevance of even small differences.
The strengths of this study include large populationbased sample of people over 75 years of age with very little missing information. In general, missing information is a problem in aging studies, and thus, almost complete data with over 840 people are unique. We used an objective assessment of the environment, similar to those used in infrastructural planning and a measure that is easy to derive from open data sources. Another strength is the inclusion two different aspects of well-being, measured with validated tools. Well-being is a complex concept and it has been suggested that several dimensions, tapping both positive and negative aspects of well-being should be taken into account [34] , as different dimensions of well-being have different correlates [35] . We were able to study both positive (QoL) and negative (depressive symptoms) aspects in our study, and, indeed, found that the correlates differed. Thus, focus only on, i.e., depressive symptoms, would have underestimated the influence of nature diversity on wellbeing. On the other hand, focus only on QoL would have led to overestimation on the influence of nature diversity and well-being.
The study also has its limitations. The majority of the participants were rather well-functioning and all were living independently in their homes. This may influence the generalizability of the findings, as the most vulnerable individuals did not participate in the study. We also assume that depression may be more common among those not participating in the study, which may induce underestimation of the positive influence of the environment on wellbeing. It should also be noted that the influence of nature diversity may be dependent on the amount of time a person spends outdoors, a factor not accounted for in the analyses. Moreover, for those not moving outdoors, the association between the environment and well-being may also be underestimated.
To conclude, this study shows that nature diversity is associated with better quality of life in old age. The level of physical activity did not attenuate the association, suggesting that other aspects, such as visual or auditory enjoyment, may be important factors. The quality of the green infrastructure and adding natural elements to residential areas would appear to be beneficial for well-being among older people.
